POLYMHt COMPOUND, PROCESS FOR PRODUCING THE SAME, 
MOLDED ARTICLE AND PROCESS FOR PRODUCING THE SAME 

BACKGROTIMn OF T HE INVENTTnN 

fkl^ Invenrinn 

The {O'esent inventum relates to a polymer compound, apn)cess ftM: producing 
the same, a molded article and a process fcx producing the same. 
np<L<rriptiQn of the RtiUteA Art 

In recent years, developmCTts have been earnestly earned oitf for a molded 
arti<de, such as a functional film and a fdnctional plate, containmg a low molecular 
weight confound having a particular function diqjcrsed in a polymer material. The 
molded article can be molded by coating a coating conqxMitioa containing the raw 
materials dissolved or dispersed in a prescribed solvent on a substrate having sudi a 
form as a film form and a drum form. Therefinc, it is excellent in mass productivity 
and is c^wcted to have advantages in various fields, such as an electromagnetic wave 
diielding material, a near infrared ray shielding material and an dectroconductive film. 

It is haspoitasA in flie molcfcd article dmt die functional material is mufonnly 
dispersed in die polymw material. Whai ihe dispersicm mriforaBty of the functional 
material is Mgh, die objective function can be achieved in a high level, and also tiie 
addition amount of tiie functional material can be decreased to improve the strongOi of 
die molded article. 

In order to improve die dispersion unifonnity of the functional material, 
various atten^rts have been made, for example, a dispersion mediod, such as high shear 
stress dispersion and multi-stage dispersion, is eniployed, and the species of die 
polymff material are selected. However, die improvement of the dispeision 




unifoTDoity of the mnctioiial material is limited by these methods, and it is the ciureot 
situation that a molded article is produced under the conditions where the fictional 
material can be relatively uniformly dispersed. Therefore, the resulting molded 
articles do not always have sufficient characteristics dq>ending on the purpose thereof. 

SUMMARY OF THE TNyETOTTONT . 

The invention has been developed und^' the drcumstances. The inventors 
have completed the inventfon by finding the use of the polymer compound having the 
particular cyclic structure. 

The invention provides* as one aspect, a polymer conqKnmd having a cyclic 
structure represented by the following general foramla (1): 
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wherein X represents a group selected from the group consisting of an alkylene group, 
an arylone group, an aiylallcylene group, an alkylarylene group, halogenated alkylene 
group and halogenated aiylene group; Y represents a group selected ftom the group 
consisting of an alkylene group, an arylene group, an arylalkyiene group, an 
alkylarylene group, a halogenated alkylene group and a halogenated arylene group; Z 
represents a bond derived from an alkylene group having ftom 1 to 20 carbon atoms, 
an ester group, a urethane group, an amide group or an ether group, which is bonded lo 
a group represented by Y belonging to another cyclic structure; m rej^ents 0 or an 
integer of 1 or more; and n represents an integer of 2 or more, provided that the intega: 
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represented by m is independent in i^pective repeating units, and a total number of 
die boisd represented by Z is 1 or more. 

It is preferred in the polymer compound of the invention that the cyclic 
structure is rq)resented by the following general formula (2): 
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wherein X and A are the same as or different from each other and each represents a 
group selected from the group consisting of an alkylene group, an ar^Leae group, an 
arylalkylene group, an alkylarylme group, halogenated alkylene group and 
halogenated arylene group; Z represents a bond derived from an alkylene group having 
from 1 to 20 carbon atoms, an ester group, a urethane group, an amide group or an 
ether group, which is bonded to a group represented by Y belonging to another cyclic 
structure; m' and m" each rqxresents an mteger of bom 0 to 4; and n repres^ts an 
integer of 2 or more, provided that the integers represented by m* and m" each is 
indq)endcnt in respective repeating units, and a total number of the bond represented 
by Z is 1 or more. 

The invention provides, as another aspect, a process for producing a polymt^^ 
compound contains the steps of: 



3 



•'V 

subjecting a raw material mixture to estenficatton or ester exdiange to obtain 
a conqsosite (first stq)), die raw material mixture contaimng a conqraond rqtiesented 
by the foUowing genend fonnula (3): 



RO-C-X-C-OR (3) 

II II 

0 o 



wherein X represents a group selected from the group consistmg of an alkyl^e group, 
an arylene group, an arylaUcylene group, an alkylarylene group, halogenated alkylene 
group and halogenated arylene group; and R represents a group selected from the 
group consistmg of a hydrogen atom and a hydrocarbon group, and a compound 
represented by the following general formula (4): 



(2% 
I 

HO— Y— OH (4) 



' wherein Y rqnesents a group selected fix)m the group consisting of aa alkylene group, 
an arylene groop, an arylaUcylene group, an alkylarylene group, halogenated alkylene 
group and halogenated arylene group; Z' represents a reactive group citable of 
forming a group selected from Ae groiq) consisting of an alkenyl gioup. an ester paap, 
a uietbane group, an amide group and an ether group; and k rqjresents an integer of 1 
or more) 
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sobjecli^g the composite to a polycondensation reactioiL under reduced 
pressure (second step) to obtain a cyclic oligomer iqnesented by the following general 



formula (5): 
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wherein X represents a group selected from the group consisting of an alkylene group, 
an arylene group, an arylalkylene group, an alkylarylene groi^, halogmated alkylene 
group and halogenated ai^dene group; Y rq^resents a group selected from the gnmp 
consisting of an aUcylene group, an arylene group, an arylalkylene group, an 
alkylarylene group, a halogenated alkylene group and a halogenated arylene group; Z' 
represents a reactive group capable of forming a group selected from the group 
consisting of an alkenyl group, an est» group, a uretfaane group, an amide group and 
an ether group; m reE^resents 0 or an integer of 1 or more; and n repcesents an integer 
of 2 or more, provided fliat the integer represented by m is independent in respective 
repeating units, and a total number of the bond represented by Z' is 1 or more, and 

leactmg the oUgomer (flurd step) to obtain a polymer conq>ound having a 
cyclic structure represented by the following 
general formula (1): 
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wherein X represents a group selected from the group consisting of an alkylene group, 
an arylene group, an arylalkylene groups an alkylarylene group, halogenated alk^ene 
group and halogenated arylene group; Y represents a group selected frona the group 
consisting of an alkylene group, an arylene group, an arylallQrlene group, an 
alkylarylene group, a halogenated alkylene group and a halogenated arylene group; Z 
represents a bond derived from an alkylene group having from 1 to 20 carbon atoms, 
an ester group, a urethane group, an amide group or an ether group, which is bonded to 
a group represented by Y belonging to another cyclic structure; m represents 0 or an 
intcga: of 1 or more; and n represents an integer of 2 or more, provided that the intego- 
rqnesented by m is independent m respective repeating units, and a total number of 
the bond represented by Z is 1 or more. 

The invention provides, as a further aspect, a molded article contammg the 
polymer compound of the invention. 

It is preferred in the molded article of the invention that the molded article is 
produced by extrusion molding or coating. It is also preferred that the molded article 
further contains a functional material having a molecular weight of 3,000 or less, and it 
is more preferred that the functional material exhibits electroconductivity or 
wavel^gth-sdective absorfoance. 
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The inventioii further provides, as a further aspect, a process for producmg a 
molded article containing the steps of melting the polymer compound of the inventiozi, 
and subjecting the molten polymCT compound to extrusion molding in a prescribed 
mold* 

The invention still furth^ provides, as a further aspect, a process for 
producing a molded article containing the steps of coating a coating composition 
contaijung the polymer compound of the invention on a prescribed substrate, and 
drying the coating composition thus coated. 

It is preferred in the process for produdng a molded article of the invention 
diat tiie coating composition further contains a functional material having a molecular 
weight of 3,000 or less, and it is more preferred tiiat the functional material exhibits 
electroconductivity or wave-selective absorbance. 

BREF DRSr RTPTTnM QF THE PR AWTNfiS 
Pig. 1 is a graph showing an ^H-NMR spectrum of a polymer conq^ound 
obtained in Example 1. 

Fig, 2 is a graph showing an IR spectrum of a polymer compound obtained in 
Exsaxspl^ 1. 

Fig. 3 is a graph showing a GPC spectrum of a polymer compound obtained in 
Exa]xq>le 1. 

Fig, 4 is a graph showing an IR spectrum of a polymer compound obtained in 
Compafative Example 2. 

DESCRTPTTON OF THE PREFFRRED FMRnnTMP]STS 
Preferred embodiments of the invention will be described in detail below. 
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fyflymerCompnnM 

The pol3niier compound of tbe isvraitian has a cyclic stnicture rqnesented by 
the following general formula (1), and it is excellent in mechanical strength and has 
such a capability that a functional material is sufficiently unifonnly dispersed therein: 
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Jn the genaal fonnula (1), X rqaesents a group selected firom the group 
consisting of an alkylene groj^ (preferably an alkyiene gioap having from 1 to. 20 
csabaa atoms), an arylene group (piefiaably an arylene group having from 6 to 14 
carbon atoms), an arylalkylene group (preferably an arylakljiene group having ftom 7 
to 20 carbon atoms), an alkylarylenc group (preferably an alkylarylene group having 
ftom 7 to 20 carbon atoms), a halogcnated alkylene group 0)refierably a halogenated 
alkylene group having from 1 to 20 carbon atoms) and a halc^enated arylene group (a 
halogenated arylene group having from 6 to 14 carbon atoms). Preferred examples of 
the group represented by X are shown in Table 1 below. The plural groups 

represented by X in the general fonnula (1) may be the same as or different from each 
(Mho-. 
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In the general fonnula (1), Y represents a groiq) selected fiom the group 
consisting of an alkylene group (preferably an alkylene group having fixwn 1 to 20 
carbon atoms), an aryleae group (ptefeably an aiyiene group having from 6 to 14 
caAon atoms), an aiyialkyiene group Cpreferably an arylaUylene group having ftom 7 
to 20 carbon atoms), an alkylarylcne group Cpreferably an alkylarylene group having 
from 7 to 20 carbon atoms), a halogenated alkylene group (preferably a halogenated 
alkylene group having fiom 1 to 20 carbon atoms) and a halogenated arylene group (a 
halogenated arylene group having from 6 to 14 carbon atoms). Preferred examples of 
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the group represented by Y are shown in Tables 2 and 3 below. In Tables 2 and 3, 
and Z2 are also shown as the group representing Z. The plural groups represented by 
Y in the general fonmila (1) may be the same as or different fiom each otiher. 
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In the geJneral fonnuk (1), Z represents a bond derived from an alkylene 
group having from 1 to 20 carbon atoms, an ester group, a urethane group, an amide 
group or an ether group, which is bonded to a group represented by Y belonging to 
another cyclic structure, m represents 0 or an integer of 1 or more, and n represents an 
integer of 2 or more. 

The integer represrated by m herein is indq)endent in respective repeating 
units constituting the cyclic structure represented by the general formula (1). In othar 
words, the cyclic structure may be constituted with only a repeating unit having a 
group represented by Y having a bond represented by Z (hereinafter referred to as a 
repeating unit 1), or in alternative it may be constituted with both the repeating unit 1 
and a repeating unit having a group represented by Y having no bond represented by Z 
(hereinafter referred to as a repeating unit 2). It is necessary that the total number of 
the bond represented by Z is 1 or more. In the case where the cyclic structure is 
constituted with both the repeating unit 1 and the repeating unit 2, tbe form of 
polymerization may be either block copolymoization or random copolymmzation* 

The plural groups rqpresented by X contained in the cyclic structure may be 
the same as or different from each other per the repeating units. In other words, the 
cyclic structure may be constituted with only rq)eating units havmg the same groups 
represented by X, or in altranative, it may be constituted with two or more kinds of 
repeating units having different groups represented by X. Similarly, the groups Y and 
the bonds Z may be the same as or different from each other per die repeating units . 

In the cyclic structure, that rq>reseated by the following general formula (2) is 
particularly preferred from the standpoint of mechanical strengdi and production 
suitability: 
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wherein X and A are the same as or different fixjm each other and each represents a 
group selected from the group consisting of an alkylene group, an arylene group, an 
arylalkylene group, an alkyiarylene group, halogenated alkylene group and 
halogenated arylene group; Z rqpresents a bond derived ftom an aHylene group having 
tcom 1 to 20 carbon atoms, an ester group, a urethane group, an amide group or an 
ether group, which is bonded to a group represented by Y belonging to another cyclic 
structure; m' and m'* each represents an integer of from 0 to 4; and n represents an 
integer of 2 or more, provided that the integers rq)resented by m* and m" each is 
mdependent in respective repeating units, and a total number of &e bond represented 
by Z is 1 or more. 

The weight average molecular weight of the polyma coiq)ound of the 
invention is not particularly Umited, and is pref^ably from 10,000 to 500,000, and 
more preferably from 50,000 to 300,000. When the weight average molecular weight 
is less than the preferred lower limit, there is a tendency that the mechanical strength 
becomes insufficient. When the weight average molecular weight exceeds the 
piefencd upper limit, there is a tendency that the solubility to solvents and flowabiUty 
are lowered to make the molding property insufficient. 
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In the ^ymer compound of the invention having the foregoing constitudoiai, 
the cyclic structures represented by the general formula (1) are connected to each oth^ 
through the bonds represented by Z, and therefore it exhibits excellent mechanical 
strength. Furthermore, the polymer compound of the invention has a large free 
volume of the molecule and suffers no entanglement of molecular chains as difiG^ent 
from linear polymer coxrqjounds, and therefore considerably high solubility in solvents 
and a low melt viscosity upon heating. As a result, good melt molding property can 
be realized upon, for example, injection molding and extrusion molding. 

The polymer compound of the invention has such a capability that a 
functional material can be su£Bciently uniformly dispersed therein, and therefore it is 
particularly useful as a polymer material for a molded article, such as an 
electromagnetic wave shielding material, a near infrared ray shielding material and an 
^ectroconductive film. 

While the reason why dispersion unifomiity of a functional material is 
improved by the polymer compound of die invention is not completely clear, it is 
considered that this is because when a functional material is mixed with the polymer 
compound of the invention, the functional material is retained in voids of the cyclic 
structures represoited by the general formula (1). 
Pr^ress for producing Polymftr ^0^111^4 

In ttie process for producing a polymer compound according to the invention, 
a raw toaterial mixture containing a compound represented by the following general 
formula (3): 
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and a conqx>uad represented by the foUowii^ general formula (4); 
I 

HO— Y— OH (4) 

is subjected to esterification or ester interchange to obtain a composite (first stqp). 

In the general formulae (3) and (4), X and Y have the same meanings as X and 
Y in the general formula (1). R in the general formula (3) represents a group selected 
fix>m the group consisting of a hydrogra atom and a hydrocarbon group, and preferably 
a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

Z* in the general formula (4) represents a reactive group enable of forming a 
group selected from the group consisting of an alkenyl group, an ester group, a 
tirethane groiq), an anodde group and an ether group, and k represents an integer of 1 or 
more. That is, the reactive group represented by Z* is a group capable of becoming a 
reactive site upon reacting cyclic oligomers described later. Preferred examples of 
die reactive group represented by T are shown in Table 4. la the case whete the 
bond is formed with only one land of the reactive groups, Z' in the general formula (4) 
represents one kmd of a group solely. In the case where the bond is formed with two 
lands of the reaction groups, such as an est^ bond, a conobination of two or more 
kinds of the reactive groups is applied. 
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The raw material mixtuiie used in the first step may be formed with a 
compound represented by the general formula (3) and a compound represented by the 
general formula (4). In this case, a cyclic oligom^, in which all die groups 
represented by Y are bonded to Z' in the general formula (5), is obtained. The raw 
material mixture may furthw^ contain, in addition to the compounds represented by the 
general formulae (3) and (4), a con^und represented by the following general 
formula (6): 

HO-Y-OH (6) 

wherein Y has die same meaning as in the general formula (1). 

The mixing ratio of the compound represented by die general formula (3) and 
the compound represented by the general formula (4) is not particulaiiy limited, and it 
is prefOTBd fliat firom 1 to 25 mol of the compound represented by the general formula 
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(4) is mixed Wit^ 1 mol of the compound represented by the general formula (3) 
because thene is a tendency diat the yield of the objective polymer compound is 
improved- 

Upon cairying out esterification or ester interchange, it is preferred to use a 
metallic oxide» such as zinc oxide and antimony trioxide, a metallic acetate, such as 
calcium acetate and zinc acetate, and tetrabutoxysilane as a catalyst. The using 
amount of the catalyst varies depending on the structure of die objective polymer 
comp^^^^ ^ where a metallic oxide is used, for example, the using 

amount is preferably from O.OOOS mol to 0.1 mol per 1 mol of a dicatboxylic acid or an 
ester (including the compound represented by the general fonnula (3)) or from 0.0001 
mol to 0. 1 mol per 1 mol of a diol (including the compound represented by the general 
formulae (4) and (6)). In the case where a metallic acetate is used, the using amount 
Hiereof is preferably from 0.001 mol to 0.3 mol per 1 mol of a dicaifooxylic acid or an 
ester (including the compound rei»:esented by the general fonnula (3)) or from 0.0002 
mol to 0.3 mol per 1 mol of a diol (including the compound represented by the general 
formulae (4) and (6)). When the using amount of the catalyst is less than the lower 
limits, a linear oligomer having a relatively large molecular weight is liable to be 
formed upon esterification or ester exchange, so as to bring about a tendency that the 
yield of the cyclic oligomer in the subsequent step is lowered. 

The reaction temperature upon esterification or ester exchange is preferably 
from ISOrc to 200**C When the reaction temperature exceeds the upper limit, a 
linear oligomer having a relatively large molecular weight is liable to be formed upon 
esterification or ester exchange, so as to bring about a tendency that the yield of the 
cyclic oligomer in the subsequent step is lowered. When the reaction tenqierature is 
lower than the lower limit, there is a tendency that the reaction efficiency becomes 
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insixfficient. It fe preferred upon reaction that the raw material mixture is gradually 
heated to a tenqjerature within the foFegoing range under stirring. 

Along with the progress of the reaction, water or an alcohol is formed as a 
by-product upon esterification or ester exchange, respectively. The by-product can be 
distilled off from the reaction system, whereby the end point of the reaction can be 
confirmed, 

The composite obtained in the first step is subjected to a polycondensation 
reaction under reduced pressure to obtain a cyclic oligomer represented by the 
following general formula (5) (second step): 
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X, y and Z' in the gaieral formula (5) have Ihe same meanings as X, Y and Z' 
in ibe general fonnulae (3) and (4) and n rqjresents an integer of 2 or more. 

In the general fonniila (5), m represents 0 or an integer of 1 or mMc, provided 
that the integer represented by m is independent in respective repeating nmts 
constituting the cyclic oUgomcr, and a total number of the bond represented by Z' in 
the general fommla (5) is I or more. For example, in the case 'Riere the raw material 
mixture is formed with a compound represented by the general formula (3) and a 
compound represented by the general formula (4), the cychc oligomer is constituted 
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only with rcpeatmg units having m of 1 or more. In the case where the raw mataial 
nnxture further contains a compound represented by the general formula (6), the cyclic 
oligomer is constituted with repeating units having m of 0 and repeating units having 
m of .1 more. In the case where the cyclic oligomer is constituted with two or more 
lands of repeating units having different structures, the form of polymerization may be 
either block copolymerization or random copolymerization. 

Upon carrying out the polycondensation reaction of the composite, it is 
pref^red to use a metallic oxide, such as germanium oxide, zinc oxide and antimony 
trioxide, and tetrabutoxysilane as a polymerization catalyst The using amount of the 
polymerization catalyst is appropriately selected depending on the structure of the 
cyclic oligomer and the species of the catalj^t, and in the case where a metalUc oxide 
is used, for example, the using amount thereof is preferably fiom 0.001 mol to 0.3 mol 
per 1 mol of the composite. Wh^ the using amount of the polymerization c&tslyst is 
lower Aan the lower limit, a linear oligomer having a relatively large molecular weight 
is liable to be formed upon esterification or ester exchange, so as to bring about a 
tendency that the yield of the cyclic oligomer in the subsequent step is lowered. 
When the using amount of the polymerization catalyst is lower than Ihc lower limit, 
there is a tendency that a linear oligomer is liable to be formed, but the yield of the 
cyclic oligomer is decreased. When the using amount of the catalyst exceeds the 
upper limit, on the other hand, there is a tendency that the yield cannot be increased 
corresponding to the increased using amount. 

While it is not conq)letely clear why the yield of the cycUc oUgomer is 
increased when tiie using amount of tiie polymCTization catalyst is in the foregoing 
range, it is considered as follows. In the case where an esterification catalyst or an 
ester exchange catalyst is used in die first step, and a polymerization catalyst is used in 
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the second stq),<it is considered that such a reaction mechanism is dominant that a 
dicai*oxylic acid and a diol are combined at a molar ratio of 1/1 in the first step, to 
form a composite further having the esteiification catalyst or the ester exchange 
catalyst coOTdinated thereto, and the polymerization catalyst acts on the composite to 
form the cyclic oligom^ in the second step. Therefore, it is considered that the yield 
of the cyclic oligomer is increased associated with the increase of the amount of the 
polymerization catalyst. 

Upon carrying out the polycondensation reaction of the composite, an 
antioxidant may be added depending on necessity. Specific examples of the 
antioxidant include a phosphorous compound, such as trimethylphosphoric add and 
triethylphosphoric acid. The addition amount of the antioxidant is preferably from 
0.0001 mol to 0.001 mol per 1 mol of the cyclic oligomer. 

The polycondensation reaction of the conipositc is carried out under reduced 
pressure, and flie pressure thaeon is preferably 1 Torr or less. The reaction 
temperature on the polycondensation reaction of the composite is preferably from 
200**C to 240*^0, and more preferably from 210«C to 230^C. When the reaction 
tempCTature exceeds the upper limit, a linear oligomer is liable to be formed to bring 
about a tendency that the yield of the cycKc oligomer is lowered; When the reaction 
temperature is less than flie lower limit, tiiere is a tendency that the reaction efficiency 
becom<?s insufficient It is preferred upon carrying out die reaction that heating and 
reduction of pressure are gradually carried out to the temperatuie and the pressure 
within the foregomg ranges under stining (preferably over a period of from 1 to 2 
hours). 

The end point of the polycondensation reaction can be detected by a torque 
value of stining as an index. After completing the reaction, die content is dissolved 



in a solvent, siich as tetrahydrofuran (THP), and fractionated by, for cxsaxxplc^ liquid 
chroiBatography to isolate the c^jective cyclic oligomer. 

Purth^more, the cyclic oligomers represented by the general formula (5) are 
reacted to obtain the polymer compound having a cyclic structure represented by the 
foUo^g general formula (1) according to the invention (third sbsp). 

The reaction of the cyclic oligomers can be preferably carried out by using a 
prescribed polymerization initiator. The species of the polymerization initiator is 
appropriately selected dq)ending on the group represented by Z' in the general formula 
(5), In the case wh«e the group represented by 2* is a vinyl group, radical 
polymerization can be carried out by using 2,2-azobisisobutyronitrile to obtain a 
polymer compound having the cyclic structures bonded to each other throng 
carb02M:arbon bonds. In tiie case whore fte group represented by Z' is a condnnation 
of a halofonnyl groxsp (such as a chlorofonnyl group) and a hyidroxyl groups interfacial 
polycondensation is carried out by using triethyiamine to obtain a polym^ compound 
having tiie cyclic structures bonded to each other though ester bonds. 

In the production process of the invention, because polycondensation reaction 
(such as an esterification reaction or an ester exchange reaction) is carried out in the 
first and second steps, it is preferred fliat tiie group rqwesented by Z' is a radical 
polymerizable group, such as a vinyl group, whereby side reactions in the first and 
second step are easily and certainly suppressed. 

In tiie case where the group represented by Z* exhi1>its capability of 
polycondensation, such as an ester group, it is preferred diat tiie group represented by 
Z' in the general formula (4) is previously converted to a protected group by using, for 
example, a chloride. That is, melt polycondensation is carried out upon fcaming the 
cyclic oligonra; and interfedal polycondensation is carried out upon reacting the 
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cyclic oKgomer^ whereby the objective polymer compound can be preferably 
(Stained. 

ftfcylded Article and Process for pmdacing S^ma 

The molded article of the invention contains the polymer compound of the 
inventioa and is excellent in mechanical strength and molding property. Therefore, 
the molded article of the invention is extremely useful in various fields inducting 
automobile parts, vehicle parts and aircraft parts. 

The molded article of the invention can be imparted with prescribed 
characteristics by dispersing a functional material in the polym^ compound of the 
invention. The polymer confound of the invention can sufficiently uniformly 
disperse the functional material owing to the high dispersion unifomuty thereof, and 
even when the addition amount of the functional material is smaller than conventional 
molded articles, such characteristics can be exerted that are equivalent to or larger than 
those of the conventional molded articles. 

As the functional material, sudi compounds that exhibit wavelength-selective 
absorbance (such as electromagnetic wave absorbancc and near infrared tay 
absoibance) and electroconductivity can be used. Specific examples of the 
compound exhibiting wavelength-selective absorbance mclude a dimmonium 
compound, a naphfhalocyanine compound, an azo compound and a phthalocyanine 
compound. Examples of the compound exhibiting electroconductivity include 
metallic particles, such as gold and silver, a metaHic oxide, such as titanium oxide and 
zinc oxide, an indium-tin oxide alloy, an electroconductive polymer, such as 
polyacctylene, polyaniline and polyacene, and Uquid crystal molecules, such as 
octylcyanobiphcnyl. 
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The molecular weight of the functional material is preferably 3,000 or less, 
and more preferably from 50 to 2,000. When the molecular weight of the fonctional 
material is In the range, higher dispersion uniformity can be obtained to result in such 
a tendency that characteristics and productivity of the molded article are improved, and 
in particular, it is remarkably effective upon inQ>arting wavelength-selective 
abso]4>ance or electroconductivity. in an electromagnetic wave shidding material and 
a near infrared ray shielding material, when the dispersion uniformity of the functional 
material is insufficient, there are some cases that the ray is transmitted at a part where 
the distribution of the functional material is nondense to M to obtain sufficient 
characteristics. When a functional material having a molecular weight of 3,000 or 
more is used, on the other hand, the functional material is dispersed to have 
substantially the same distances among the dispersed domains to result in such a 
tendency that higher wavelength-selective absorbance can be obtained. In the case of 
tile electroconductive molded article, when a functional material having a molecular 
wei^t of 3,000 or less is used, the functional material is dispersed to have 
substantially the same distances among the dispersed domains to result in such a 
tendency that higher electroconductivity can be obtained. 

As dcsaibed in die foregoing, in the case whae lie molded article of the 
invation contains a functional material, it is effective in various purposes including a 
near infrared ray absorbing panel for preventing malfunction of a remote controller of 
a plasma display, a heat absorption cover for building materials, mcrsSt^ trains and 
automobiles, and an electromagnetic wave shielding cover, a color filter, a light 
scattering prevention jfflm, an antireflection film, a retardation film, a liquid crystal 
orientation film, a transparent electrode film, a light waveguide and an optical fiber for 
various sensors, home electric appliances and portable telephones. 
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The molded article of the invention can be obtained by injection molding, 
inj ection compression molding, extrusion molding, cast molding, coating molding and 
dipping molding. Among these, such methods including cast coating, coating 
moldi^S dipping molding are preferred that a coating composition obtained by 
dispersing or dissolving the polymer compoond and a functional material, which is 
mixed depending on necessity, in a prescribed solvent is coated on a prescribed 
substrate, followed by drying. Particularly, in die case where a functional material is 
used, the use of the preferred methods is effective because the functional material is 
uniformly and stably retained in the cyclic structures of the poiymei: compannd of the 
invention owing to the solubility of the polymCT compound in the solvent 

The solvent used in the invention is not particulariy limited as far as it can 
dissolve the polymer compound of the invention, and specific examples thereof 
include an alcohol, such as methanol, ethanol, isopropanol and n^butanol, a ketone, 
such as acetone, mediyl ethyl ketone and cyclohexanone^ an ether, such as 
tetrahydrofuran, dioxane, cdiylene glycol monomethyl ethar and diethyl etho; a 
halogenated fatty hydrocazbon, such as chloroform, dichloromethane, dichloroethane, 
carbon tetrachloride and trichloroethylene, an amide, such as N,N-dimethylf(mii£aDide 
and N,N-dimethylacetamide, an est^, such as methyl acetate, ethyl acetate and n-butyl 
acetate, and an aromatic compound, such as benzene, toluene, xylene, 
monochlorobenzenc and dichlorobenzene. These solvents may be used solely or as a 
nrixture of two or more of them. It is prefmed to add a sli^ amount of a leveling 
agent, such as a silicone oil, to the coating composition to improve the surface 
smoothness of the resulting molded ardcle. 

The invention will be described in more detail with reference to die following 
examples, but the invention is not construed as being limited to. the examples. 
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EXAMPUBl 

1 mol of dimethyl 2,6-naphthalenedicait)oxylate, 0.7 mol of a diol represented 
by the following structural fonimla (7), 0.07 mol of a vin^-substituted diol 
represented by flie followii^ structural fcHmuk (8), 1.8 mol of ethylene glycol and 
O.OOl mol of calcium acetate are placed in a 1 L autoclave. After raising fbs inner 
temperature to ISCC, it is confinned that the contents can be stirred by hand, and then 
stixring is started at ISO rpm. 



HOC2H40--^^^i-^^^OC2H40H (7) 

CH3 



H2C«CH HC=CH2 
HOC2H40-^^^^C-^^y-OC2H40H 



When the inner temperature is raised at 30^C/hr, methanol is started to be 
distilled off around 150''C. It is confirmed that 98% of the thecM^cal amount of 
methanol is distilled off at 24(rC, so as to complete the ester interchange reaction. 

0.002 mol of germanium oxide and 0.001 mol of trunethylphosphoiic acid are 
added to the contents after the reaction, and the ten^)erature is raised from TiXfC at 
15®C/hr to 24ff*C over 2 hours while strirring at 100 rpm. At this tiutne, the pressure 
inside the autoclave is decreased to 0,4 Torr ov^ 2 hours. Stirring is further 
continued at 270'*C at 0,4 Toir for 1 hour to complete the reaction. 
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The contents are cooled to room teny)erature, to which 1 L of tetrahydrofuraii 
is added and stirred to dissolve them. The resulting solution is added dropwise to 
methanol, and a solid contCTt thus obtained is filt^ed ofiF. A cyclic oligom^ is 
separated from the resulting crude product by using a liquid chromatography mass 
analyzer (LCMS-prepSTAR, produced by Shimadzu Corp.). The yield is 25 g. 

The entire cyclic oligomer thus obtained is dissolved in 200 ml of methylene 
chloride, to which 0.0001 mol of bisisobutylnitrile is added, and the solution is stkred 
under a nitrogen atmosphere at 20'*C and 200 rpm for 15 hours. The content is added 
dropwise to 3 L of methanol, and a solid content thus obtained is filtered off. The 
resulting crude product is dried in vacuum at 70^C for 15 hours to obtain the objective 
polymer compound. Hie H^-NMR spectrum and the JR spectrum of die resulting 
pol}mer compound are shown in Figs. 1 and 2, respectively. 

The resulting polymer compound is measured for molecular weight 
distribution by using a gel permeation chromatography (HLC 8020, produced by 
Tosoh Corp.). The resulting GPC spectrum is shown in Fig. 3» and the wdght 
average molecular wdght and the molecular weight distribution (obtained by dividing 
the weight average molecular weight by the number average molecular weight MJ 
are shown in Table 5. 

|4^ai^nTftments of Tensile Strength and IrrA Tmpflct Strength 

A resulting polymer compound (in a solid state) is molded by extrusion 
molding by using a melt extrusion molding apparatus (Minimax Molud^, produced by 
ICI) to obtain a dumbbell and an Izod test piece. The tensile strength is measured by 
using the dumbbell according to JIS K71 13, and the Izod impact stnengtfa is measured 
by using the Izod test piece according to JIS K7110. The results obtained are shown 
in Table 5. 

26 \ 



£^^^j 33gtinn of NeW" Infr ared Ray Absorbing Material 

10 parts by mass of the lesnlting polymer compound and 0.02 part by mass of 
diminonium compound (IRG-002, produced by Nippon Kayaku Co., Ltd., molecular 
weight- 1,200) are added to 50 parts by mass of tetrahydrofuran and dispersed in a 
paint shako- for 60 minutes to prq)are a coating composition, A film having a 
thickness of 0.2 mm is formed by cast molding using the coating composition. 

A sample having a size of 5 -cm X 5 cm square is cut from an arbitrary 
position of the resulting fihn and is then cut into nine aliquots as test pieces. The test 
pieces each are measured for a spectral transmittance spectrum by using a 
spectrophotometer (UV4000, produced by Hitachi, Ltd.). A difference (AT) between 
the roBximum value and the minimum value in the transmittance at a wavelengdi of 
1 000 nm is obtained from the resulting spectrum and is used as an index of dispersion 
unifcamity. The results obtained are shown in Table 6. The smaller value of AT 
means U^er disp^on uniformity of the dimmonimn coii^x)und in the filnL 

The film is also measured for transmittance to a visible ray (wavelength: 400 
to 700 nm) and a near infrared ray (wavelaigth: 950 to 1,200 ran) by using a 
spectroi^tometer (uv 4000, produced by Hitachi, Ltd.). A ratio of the average 
transmittance to a visible ray Tl to the zwrnge transmittance to a near infrared ray T2 
(T1/T2) is obtained to evaluate characteristics as a transparent near infrared ray 
absorbing film. The results obtained are shown in Table 6. In Table 6, the larger 
value of T1/T2 means higher transparency in the visible region and selective 
absorbance in the near infrared region. 
Etfidttctioq of HCTtroconductive Film 

10 parts by mass of the resulting polymer compound and 6 parts by mass of 
zinc oxide (produced by Tokyo Kasd Kogyo Co., Ltd., molecular wdght: 72) as an 
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electroconductive<^ubstance arc added to 50 parts by laass of tetrahydrofiiran and 
dispersed in a paint shaker for 60 minutes to prepare a coating composition. The 
coadxig composition is coated on a surface of a polyester film (AlOOO, produced by 
Toyobo Co., Ltd.), which has been subjected to a surface primer treatment, to form a 
film having a thickness of 0.5 mm. 

The surface resistance of the resultmg fihn is measured by the four-terminal 
method. The results obtained are shown in Table 6. 

EXAMPLE 2 

A polymer compound is synthesized in the same manna: as in Example 1 
except that a diol represented by the following structural formula (9) is used instead of 
the diol represented by the structural formula (7), and a viayl-substituted diol 
represented by the following structural formula (10) instead of the vinyl-substituted 
diol represented by the structural formula (8), The weight average molecular weight 
and the M«/M„ are shown in liable 5. 
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The m^a^ements of a tensile strength and an Izod impact strength , are 
carried out for the resulting polymer compound in the same mannor as in Example 1. 
The results obtained are shown in Table 5. 

The production of a near infiared ray absorbing material and the measurement 
of a spectral transmittance spectrum therefor, and the production of an 
electroconductive fihn and tfie measnr^ent of a surface resistance therefor are carried 
out in the same mianner as in Example 1 except that the polymer compound obtained in 
this example is used. The results obtained are shown in Table 6. 

EXAMPLE 3 

A polymer compound is synthesized in the same manner as in ExanQ>le 1 
except that a diol represented by the following structural formula (11) is used instead 
of the diol represented by the structural formula (7). 



MWft 




HOC2H40-f y-i /-OC2H4OH (11) 



The measurements of a tensile strength and an Izod impact strength are 
carried out for the resulting polymer compound in the same manner as in Example 1. 
The results obtained are shown in Table S. 

The production of a near infiared ray absorbing material and the measurement 
of a spectral transnoittance spectrum &erefar» and the production of an 
electroconductive film and the measurement of a surface resistance thoiefor are carded 
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out in the same nmner as in Example 1 except that the polymer compoimd obtained in 
this ex^niple is used. The results obtained are shown in Table 6. 

EXAMPLE4 

A polymer compound is synthesized in the same maimer as in Example 1 
except lhat a diol represented by the following structural fonnula (12) is used instead 
of the diol represented by the structoral fonnula (7). 



H0C2H40-^^|--^^^0C2H40H (12) 



Ibe measurements of a tensile strength and an Izod mq>act strength are 
earned out for the resulting polymer compound in the same mann^ as in Example L 
Hie results obtained are shown in Table 5, 

The production of a near infirared ray absorbing matedal and the measurement 
of a spectral transmittance spectrum therefor, and the production of an 
electroconductive film and the measurement of a surface resistance therefor are carried 
out in the same manner as in Example 1 except that the polymer con^und obtained in 
this example is used. The results obtained are shown in Table 6. 

EXAMPLES 

A polymer compound is synthesized in the same manner as in Example 1 
except that a diol represented by the following structural fommla (13) is used instead 
of the diol represented by die structural formula (7). 
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HOC2H40~-( yTr'>--( >-OC2H40H (13) 



The measurements of a tensile strength and an Izod unpact strength are 
carried out for the resulting polymer compound in the same msmer as in Exanq)Ie 1. 
The results obtained are shown in Table 5. 

The production of a near infrared ray absorbing material and the measurement 
of a spectral transmittance spectrum therefor, and the production of an 
electroconducdve film and the measurement of a surfoce resistance therefor are carried 
out in the same manner as in Example 1 except that the polymer confound obtained in 
this example is used. The results obtained are shown in TabU 6. 

EXAMPLE 6 

After syndiesizing a cyclic oligomo" in the same mazmer as in Example 1, ttie 
cyclic oligomer and a by-produced linear oligomer are respectively fractionated from 
the reaction mixture* by using a liquid chromatogr^hy mass analyzer 
(LCMS-prepSTAR, produced by Shimadzu Corp.), and the cyclic oligomor and the 
linear oligomer are mixed at a molar ratio of S/9S. 

Thereafter, 20 g of the resulting mixture is placed in an 100ml autoclave. 
The te0¥>erature inside the system is raised to 280''C, and the pressure is reduced to 
0.4 Torr over 1 hour. After completing the reaction, the contents are dissolved in 1 L 
of tetrahydrofiiran, and the resulting solution is added dropwise to 3 L of fnetfaanol. 
The resulting solid content is filt^ed off to obtain a polymer compound having a 
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cyclic stracture and a linear stracture mixed therein. The weight average molecular 
weight and the MJM^ are shown in Table 5. 

The measurements of a tensile strength and an Izod impact strength are 
carried out for the resulting polym^ compound in the same manner as in Example 1. 
The results obtained are shown in Table 5« 

The production of a near infrared ray absoibing material and the measurement 
of a spectral transmittance spectrum therefor, and the production of an- 
electroconductive film and the measurement of a surface resistance therefor are carried 
out in the sanae manner as in Example 1 except that the polymer compound obtained in 
this example is used Ihe results obtained are shown in Table 6. 

EXAMPLE? 

1 mol of dimethyl 2,6-naphthalenedicarboxylate, 0.7 mol of a diol represented 
by the structural formula (J), 0.03 mol of a acid diloride-substituted diol zepresented 
by the following structural formula (14), 0*03 mol of a hydroxyl group-substituted diol 
represented by the structural formula (15), 1.8 mol of ethylene glycol and 0.001 mol of 
calcium acetate are placed in a 1 L autoclave. It is confirmed that the contents can be 
stirred by hand, and then stuiing is started at ISOrpm. 



aoc CH3 coci 

HOC2H40-/]\~C--/°^^ (14) 
CH3 
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HO CH3 OH 
HOC2H40-y^^ (1 5) 

CH3 

When tfie inn^ temperature of the autoclave is raised at SO^CVhr und» 
stkring, methanol is started to be distilled off around 1 SOT. It is confirmed that 96% 
of the theoretical amount of methanol is distilled off at 190°C, so as to complete the 
ester interchange reaction. 

0.003 m<A of germanium oxide and 0.001 mol of trimethylphosphoiic acid are 
added to the contents of the autoclave, and the t^nperature is raised ftom 200°C at 
15»C/hr to 230*'C over 2 hours under stining at 100 ipm. At this time, the pressure 
inside the autoclave is decreased to 0.2 Ton: over 2 hours. Stirring lis further 
continued at 230^C at 0.2 Torr for 1 hour to conq)Iete the reaction. 

The temp^uture of the contents is decreased to room temperature, to which 1 
L of tetrahydrofiiran is added and stirred to dissolve them. The resulting solution is 
added dropwise to methanol, and a solid content thus obtained is filtered ofif. A cyclic 
oligomer is separated from the resulting product by using a liquid, chromatography 
mass analyzer (LCMS-prepSTAR. produced by Shimadzu Corp.)- The yield is 20 g. 

The resulting cycUc oligomer is added to a solution obtained by dissolving IJ 
g of sodium hydroxide in 500 ml of distilled water in a 5 L flask, and 500 ml of 
methjrilene chloride and 0.01 mol of trimethjiamine are further added thex^. The 
mixed liquid is stirred at 5*C and 400 rpm for 60 hours to carry out an interfadal 
polymerization reaction. After completing the reaction, the contents are added 
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dropv^nse to 3 L of methanol, and the solid content thus obtained is filtered oflf. The 
resulting crude product is dried in vacuum at 70^C for 15 hours» so as to obtain the 
objective polymer compound. The weight average molecular weight and the MJiA^ 
are shown in Table 5. 

The measurements of a tensile strength and an Izod impdict strength are 
carried out for the resulting polymer compound in the same manner as in Example 1. 
The results obtained are shown in Table 5. 

The production of a near inftared ray absorbing material and the measurement 
of a spectral transmittance spectrum therefor, and the production of an 
electroconductive film and the measurement of a surface resistance therefor are carried 

hit 

□ out ixi the same manner as in Example 1 except that the polymer con^>ound obtained in 

this example is used. The results obtained are shown in Table 6. 

CQMPAR ATTVR RXAMPLE 1 
-iL^ In Comparative Ex^nple 1, a commercially available linear polyest^ resin 

« (Vjrlon RV200 mad by Toyobo Co., Ltd.) is used. The weight average molecular 

weight and the MJM^^ of the polyester resin are shown in Table 5, 

The measurements of a tensile strengdi and an Izod impact strength are 
I' f carried out for the polyester resm in the same manner as in Example L The results 

obtained are shown in Table S. 

The production of a near infrared ray absorbing material and the measiu^ment 
of a spectral transmittance spectrum therefor, and the production of an 
electroconductive film and tiie measurement of a surface resistance therefor are canied 
out in the same manner as in Example 1 except that die polyester resin is used. Hxe 
results obtained are shown in Table 6. 
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< COMPARATIVE EXAMPLE 2 

In ComparatiYe Example 2, the polyester resin used in Comparatiye Example 
1 is crosslinked with a crosslinking agrat (Coronate L, produced by Nippon 
Folyurethane Industry Co., Ltd., addition amount: 1% by mass), so as to obtain a 
crosstuiked polymer confound. 

Using the thus obtained polyester resin, the measurements of a tensile strengtii 
and an Izod impact strength are tried in the same mann^ as in Example 1, but Ae 
loeasurements cannot be completed because the obtained polyester resin cannot melt 
and a test piece cannot be molded by the melt extrusion molding apparatus. The 
results obtained for the molecular weight are shown in Table S. 

COMPARATIYE EXAMPMB 3 

A crosslinked polymer compound is synthesized in the same manner as in 
CompaiHtive Example 2 exc^ that the addition amount of the crosslinking agent is 
changed to 5% by maiss. 

Using the thus obtained polymer compound^ the measurements of a tensile 
strength and an Izod impact strength are tried in the same manner as in Example 1, but 
the measurements cannot be completed because the obtained polymer con^und 
cannot melt and a test piece cannot be molded by Ae melt extrusion molding apparatus. 
The results obtained for the molecular wdght are shown in Table 5. 

COMPARATIVE EXAMPLE 4 

1 mol of dimethyl 2,6-naphthalenedicari)oxylate, 0.7 mol of a diol represented 
by the following structural formula (6), 1.8 mol of ethylene glycol and 0.001 mol of 
calcium acetate are placed in a 1 L autoclave. After raising the inner temperature to 
ISO'^C, it is confirmed that the contents can be stirred by hand, and flien stirring is 
started at ISOrpm. 
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When th/inner temperature is raised at 30°C/hr, methanol is started to be 
distilled off around 150°C. It is confirmed that 99% of tbe theoretical amount of 
medxanol is distilled off at 240°C, so as to complete the ester interchange reaction. 

0.002 mol of germanium oxide and 0.001 mol of trimethylphosphoric acid are 
added to the contents of the autoclave, and the temperature is raised from 240*^0 at 
15^C/hr to 270*0 over 2 hours under stirring at 100 rpm. At this time, the pressure 
inside the autoclave is decreased to 0.4 Torr over 2 hours. Stirring is further 
continued at 270*'C at 0.4 Torr for 1 hour to complete the reaction. 

The temperature of the contents is decreased to room temperature, to which 1 
L of tetrahydrofuran is added and stirred to dissolve them. The resulting solution is 
added dropwise to methanol, and a solid content thus obtained is filtraed off to obtain a 
polymer compound. The IR spectrum of the resulting polym^ compound is shown in 
Fig. 4, and the weight avraage molecular weight and the MJM,, are shown in Tible 5. 

The measurements of a tensile strength and an Izod impact strength are 
carried out for tibie resulting polymer compound in the same manner as in Example 1, 
The results obtained are shown in Table 5. 

Hie production of a near infiaied ray absorbing miaterial and fhe measurement 
of a spectral transmittance spectrum therefor, and the production of an 
electroconductive jBlm and the measurement of a surface resistance therefor are carried 
out in the same manner as in Example 1 except that the resulting polymer compound is 
used The results obtained are shown in Table 6. 
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As shoW/ m Table 5, it is confirmed that tlie polymer compounds in Exairq)les 
1 to 7 accQrding to the invention have sufficiently high mechanical strengths. In 
particular, die polymer compounds in Exanqjles 1 to S and 7 exhibit larger 
QjeasiineHient values for tensile strengdi than those of Comi)arative Examples 1 and 4 
and have measurement values equivalent to or laiger than them for Izod impact 
strength- 

As shown in Tbble 6, the molded articles obtained by using the polymer 
compotmds of Exanq}les 1 to 7 exhibit sufficiently high dispersion uniformity of Ac 
functional material and achieve various characteristics at high levels in near infrared 
i^y absoifoance, transparency in the visible region and electroconductivity. 

As described in the foregoing, the polymer compound of the invention is 
excellent in mechanical strength and can sufficiently unifonnly disperse a functional 
matoA^' According to fhe process for producing a polymer compound of die 
invention, the polymer conqxmnd of ihc invCT^tion having such excellent 
characteristics can be easily and certainly produced. 

The molded article of the invention using the polymer compound of the 
invention is excellent in mechanical strength and molding prop^y In the case where 
the molded article of the invention contains a functional material, suffidently high 
dispersion unifonnity is realized, whereby desired characteristics can be easfly 
obtained at a high level. According to the process for producing a molded article of 
the invention, the molded article of die invention having such excellent characteristics 
oaa be easily and certainly produced. 

The oitire disclosure of Japanese Patent Application No. 2001-1 80SSS ffled 
on June 14, 2001 including specification, claims, drawings and abstract is incoiporated 
herdn by reference in its entirety* 
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